Significant progress has been made in development and dissemination of evidence-based behavioral interventions for adolescents with substance use disorders (SUD). Medications have also shown promise in reducing substance use when used in conjunction with psychosocial treatment for adolescents with SUD, even in the context of co-occurring psychopathology. Although the efficacy or "probable efficacy" of the behavioral interventions discussed in this review have been established based on at least two randomized controlled trials, they produce relatively low abstinence rates and modest reductions in substance use that attenuate over time. Research has shown that abstinence rates may increase with the addition of abstinence-based incentives; however, post-treatment relapse rates remain high, with few treated adolescents sustaining abstinence one year post-treatment. This may be due to the paucity of continuing care, or post-treatment recovery support services, and the lack of integrated or concurrent treatment for co-occurring psychiatric conditions that contribute to poorer treatment outcomes. Thus, despite significant progress, there is clearly room for the improvement of existing treatment for adolescents with SUD. There is also a critical need to increase the availability of, and access to, substance and behavioral health treatment services for adolescents. Although 10-15 % of U.S. high school students would currently meet diagnostic criteria for at least one SUD, only 10 % of those who could benefit from substance treatment receive it. Five-year trends, showing significant increases in the use of marijuana and nonmedical prescription drugs among U. S. high school students, are evidence of the shortcomings of existing school-based interventions, and poor access to community-based substance treatment for non-juvenile-justice involved youth. There is clearly a need to adapt or develop more effective prevention, early interventions, and treatment for youth who are "at risk," as well as the increasing number of adolescents who have progressed to more serious substance involvement.
Introduction
Research in the past decade has led to a deeper understanding of the biological and environmental factors that increase the risk of adolescent-onset substance use disorders (SUD). Epidemiologic studies have shown that substance use disorders are among the most common mental health disorders in adolescents and young adults [1] . By the twelfth grade, at least half of American high school students have used an illicit drug, and 40 % report past year use [2] . Of particular concern are five-year trends showing significant increases in marijuana and prescription drugs use. Regular and daily marijuana use is currently at 30-year peak levels with almost a quarter of high school seniors reporting using at least once per month [2] . This raises significant public health concerns in the light of recent research which shows regular marijuana use during adolescent development to be associated with a reduction of 6-8 points in adult IQ [3••; Class I].
Fortunately, research has also led to the development of a number of effective behavioral interventions for substance abusing adolescents. Although behavioral interventions are considered to be "first line" treatment, medications are often used adjunctively to reduce drug cravings, symptoms of withdrawal, or to treat co-occurring psychiatric conditions. Although relatively few medication trials have been conducted in adolescents with SUD, several studies conducted in the past decade suggest that a handful of medications are relatively safe, well-tolerated, and may be helpful in the treatment of adolescents with SUD, based on the results of at least one randomized controlled trial. Specifically:-1) Nicotine replacement therapy (NRT) and bupropion (alone or in combination) have been shown to increase quit attempts and smoking abstinence in nicotine-dependent adolescents [4] ;
2) N-acetylcysteine (NAC) has been shown to reduce marijuana craving and use in cannabis-dependent adolescents [5] ;
3) Six months of buprenorphine-naloxone treatment increased treatment compliance and retention, and reduced illicit and injection opioid use in opioid-dependent adolescents and young adults compared to those who received a brief 2-week detox taper of buprenorphine-naloxone [6] ; 4a) fluoxetine, for co-occurring major depressive disorder [7] , and; 4b) osmotic-release methylphenidate [8•; Class I] and atomoxetine [9] for co-occurring ADHD have been shown to be relatively safe, well-tolerated, and promising for treating co-occurring psychiatric disorders in non-abstinent adolescents who are concurrently receiving outpatient substance treatment.
There is clearly a need for additional research to develop more effective substance treatment interventions and to increase access and availability to those interventions for youth and families. However, it is important to highlight that the effectiveness and costeffectiveness of addiction treatment has been shown to be comparable to treatments for other chronic medical illnesses such as hypertension, diabetes, and asthma [10, 11] . It has been estimated that every US $1 invested in addiction treatment yields a cost-saving of between US $4 and US $7 in reductions in drug-related crime, theft, and criminal justice costs. Savings can exceed costs by a ratio of 12 to 1 when societal and health-care related costs are considered, including increased workplace productivity, fewer drug-related accidents, reductions in addiction-related medical illnesses, and medical complications including overdoses and deaths [11] .
Treatment
Psychosocial/behavioral interventions & Behavioral or psychosocial interventions are considered "first-line" treatment for adolescents with SUD. The individual, group, and familybased interventions included in this review are limited to those with substantial empirical support for their efficacy, based on the results of at least two randomized controlled trials.
& Overall, these interventions have been shown to have comparable, moderate effect sizes. Decisions regarding treatment matching should consider age, gender, co-occurring psychopathology, severity of substance use, family, psychosocial, and legal factors as potential moderators of treatment response [12] . There is some evidence that family-based interventions may be more appropriate for younger adolescents [12] . However, there is substantial empirical support for the efficacy of both group and individual CBT for adolescents ages [13] [14] [15] [16] [17] [18] [19] . Moreover, CBT has consistently shown greater sustained or emerging post-treatment effect size compared to family-based interventions in adolescents [13, 14] . There is also some evidence that individual CBT targeting SUD may contribute to reductions in psychiatric symptom severity in adolescents who have co-occurring psychiatric disorders such as depression [15] , ADHD [8•, 9] , and conduct disorder with depression [7] .
Family-based therapy
There is substantial empirical support for the efficacy or "probable efficacy" of the following family-based adolescent substance treatment interventions: Multidimensional Family Therapy (MDFT) [16] [17] [18] ; Functional Family Therapy (FFT) [13] ; Multisystemic Family Therapy (MST) [19] ; Brief Strategic Family Therapy (BSFT) [20•; Class I]; and Adolescent Community Reinforcement Approach (ACRA) [13] . These interventions vary as to the number of adolescent-only, parent-only, and parent/adolescent family sessions, but all focus on improving: 1) adolescent functioning in family and social contexts; 2) parental monitoring skills and functioning in other adult roles; 3) communication between family and social systems (e.g., schools); and 4) improving adolescents' coping, communication, decision-making, and problem-solving skills associated with drug use.
Standard procedure Interventions include approximately 12-18 sessions (60-90 minutes) delivered at least weekly in a variety of settings (e.g., home, community, school, or clinic) over 4-5 months [11, 21] .
Contraindications Adolescents without family members who are willing to participate in treatment may receive greater benefit from group or individual treatment approaches.
Complications None identified.
Special points A-CRA provides significantly more individual CBT sessions with the adolescent-alone compared to other family-based interventions and has been successfully used with homeless and minority youth [22, 23] .
Cost/cost-effectiveness The cost of family-based interventions can vary widely, ranging from approximately US $1500 to US $9000 per completed treatment episode. Rigorous, comparative cost-effectiveness studies in adolescents are lack-ing. A-CRA is generally at the lower end, and MST, MDFT, and FFT at the higher end, of the cost range [24, 25] .
Cognitive-behavioral therapy (CBT)
Both group and individual CBT have been shown to be efficacious for the treatment of substance use disorders and associated problems in adolescents [18, 26] , with an average effect size in the moderate range (d=0.45) [27] .
Standard procedure CBT focuses on enhancing adolescent coping, problem solving, and decision-making skills related to drug use; teaching skills to help adolescents cope with cravings and overcome temptations to use drugs (e.g., drug refusal skills, avoiding high risk situations); improving interpersonal relationships (e.g., communication, anger management, and mood regulation skills); and reducing risky behaviors associated with drug use (e.g., HIV/sexual risk behaviors, riding with or driving while intoxicated). Module selection can be tailored based on a functional analysis of an adolescent's triggers and contextual factors associated with drug use [11, 28, 29 ; Class 1]. Group-format CBT (e.g., MET/5; MET/12) may include one or two individual sessions to enhance their motivation to engage in treatment, before entering 3-10 weeks of weekly group CBT [24] .
Contraindications CBT can be modified for adolescents with more limited cognitive abilities, but may not be suitable for adolescents with significant cognitive impairment, or those with serious mood or psychotic symptoms. Serious exacerbations of co-occurring psychiatric conditions may need to be clinically addressed and managed before initiating CBT.
Complications None identified.
Special points Individual CBT may be preferred for adolescents with psychiatric comorbidity to better understand how psychiatric symptoms such as depression, anxiety, inattention, or frustration intolerance may trigger substance use.
Cost/cost-effectiveness The cost of CBT, with or without MET, can range from approximately US $900 to US $4,000 per completed treatment episode depending on the number of sessions/length of treatment, and whether delivered in group or individual format. Group CBT is generally less costly compared to individual CBT, but not necessarily more cost-effective [24] .
Adjunctive and brief interventions-motivational enhancement
Motivational interviewing (MI) or motivational enhancement therapy (MET) is a non-judgmental, supportive, and non-confrontational style of interviewing [30] . Although motivational interviewing is often fully integrated throughout standard CBT substance treatment interventions, MI/MET can also be used as an effective brief single-session, stand-alone intervention for adolescents who present or screen positive for problematic substance use or substance-related medical problems in medical office-based or hospital settings (e.g., emergency departments) [31] . Brief MI/MET interventions (1-3 sessions) are also used on the "front end" of longer substance treatment modalities such as CBT, to enhance patients' self-efficacy and readiness for change, and motivation to engage in treatment [11] . At least four recent meta-analytic reviews show that MI is effective at reducing adolescent smoking [32, 33] Standard procedure When used as a brief intervention MI/MET provides personal feedback, based on an initial clinical assessment, in an effort to increase patient awareness and insight regarding problems stemming from their substance use, with the goal of addressing ambivalence and eliciting internally-motivated commitment to changing substance use.
Contraindications None identified.
Complications None identified.
Special points Brief MI/MET interventions from a physician/clinician may be effective for some patients to achieve sustained abstinence or reduce their substance use to non-problem levels. However, adolescents with more serious or chronic substance involvement generally require additional empirically-supported treatment following brief MI/MET interventions. 
Adjunctive and brief interventions-contingency management and motivational incentives
Contingency management (CM)/motivational incentives are based on operant behavioral principles in which immediate rewards or incentives (i.e., voucher payments or prize drawings) are provided to increase the frequency of reinforced behaviors (e.g., abstinence, treatment compliance). CM/motivational incentives are generally used in conjunction with CBT or other behavioral substance treatment interventions, and have been shown to:-1) produce greater reductions in drug/alcohol use, higher rates of abstinence, and longer periods of sustained abstinence compared to CBT alone [36, 37] ;
2) increase treatment compliance [38] ;
3) increase the frequency of involvement in non-drug, pro-social, or goal-related adolescent activities, after completing residential substance treatment.
CM/incentives have also been shown to increase smoking quit attempts and higher rates of smoking abstinence when used in conjunction with bupropion SR, compared to bupropion SR alone [4] .
Standard procedure CM/incentives, in the form of voucher payments or prize drawings, are used to provide an immediate reward (i.e. behavioral reinforcement) when a targeted behavior is demonstrated (e.g., abstinence as verified by a negative urine drug screen). CM/incentives are also used to reinforce treatment compliance (e.g., session attendance) and engagement in non-drug alternative activities to help patients build or sustain a drug-free lifestyle. Stable or escalating schedules of reinforcement (i.e., reinforcement of consecutive negative urine drug screens) can be used.
Contraindications Behaviors that cannot be objectively measured are not appropriate for CM/ incentives.
Complications Some institutions have accounting policies that pose barriers to implementing a CM program.
Special points Although CM involves chance with regard to prize draws, this intervention has not been shown to promote gambling behavior in adults [39] ; to date no studies on CM's influence on gambling have been conducted in adolescents.
Cost/cost-effectiveness The cost of CM/motivational incentives varies based on the magnitude and frequency of rewards provided for specified behaviors. The "fishbowl" method of intermittent reinforcement with opportunities to draw for small, medium, and large prizes was developed by Petry and colleagues [40] as a lower-cost alternative to voucher payment incentives. CM/incentives as low as US $0.30 per patient per day increase the number of negative urine drug screens for opioids and cocaine and increase the proportion of negative urine drug screens for other drugs [41] . Billing related to increased patient retention from CM may exceed the cost of CM implementation.
Pharmacologic treatment
& Compared to a large body of research in adults, few pharmacotherapy trials have been conducted in adolescents with SUD [42] . & Buprenorphine-naloxone [6] and N-acetlycysteine [5] have been shown to be relatively safe and effective for reducing craving and use of opioids and cannabis, respectively, based on single placebo-controlled, randomized trials in adolescents who were concurrently enrolled/participating in psychosocial treatment for SUD. & Fluoxetine for co-occurring major depressive disorder [7] , osmotic-release methylphenidate (OROS-MPH) [8•] , and atomoxetine for co-occurring ADHD [9] have been shown to be relatively safe, well-tolerated, and efficacious or "probably efficacious" for the treatment of a co-occurring psychiatric disorder in adolescents with SUD, based on single placebocontrolled randomized trials that included weekly, individual CBT.
Substance use disorders
Buprenorphine-naloxone & Buprenorphine is a partial agonist that can be delivered in a variety of clinical settings. It does not provide the euphoria and sedation caused by other opioids, reduces withdrawal symptoms, has a low risk of overdose, and is approved for treatment of individuals aged 16 and older. Buprenorphine can be administered sublingually as a monotherapy or combined with naloxone, an opioid antagonist in a 4:1 ratio.
Twelve weeks of buprenorphine-naloxone maintenance therapy has been shown to increase treatment retention and decrease opioid positive urines compared to two weeks of buprenorphine detoxification in a multi-site trial of adolescents and young adults [6] . Discontinuation of buprenorphine/naloxone maintenance was associated with relapse to opioid use at follow up for 48 % of those treated.
Standard dosage Up-titration:
Day 1: 2 mg buprenorphine and 0.5 mg naloxone with an additional 2 to 6 mg of buprenorphine if needed after 1.5 to 2 hour observation Days 2 and 3: Dose from prior day unless over-or under-medicated by clinical assessment with 2 to 6 mg buprenorphine adjustment after 1.5 to 2 hour observation Day 4: Dose from day 1 unless over-or under-medicated by clinical assessment with 2 to 6 mg buprenorphine adjustment after 1.5 to 2 hour observation Maximum dosing: 24 mg per day with taper beginning at 9 weeks for 12 weeks of treatment Missed days: If a patient missed 3 consecutive days of treatment but returned prior to 7 days after the last dose, patients were given half the amount of the last dose and monitored for 1.5 hours. If the medication was tolerated then the patient was administered a portion or the remainder of the last dose. Contraindications Patient requires chronic opioid analgesia.
Main drug interactions Antihistamines, conivaptan, dabrafenib, potassium salts, sodium oxybate.
Main side effects No serious adverse events were reported. Headaches were the most common side effect and less than 10 % of the treatment population reported nausea, insomnia, stomach ache, vomiting, and anxiety. Constipation also common.
Special points Buprenorphine is a schedule III drug and restricted distribution in the USA requires special training by providers.
Cost/cost-effectiveness US $312.64 for a 30 day supply.
N-acetylcysteine
& N-acetylcysteine (NAC) is an antioxidant that is widely available as an over-the-counter supplement. An eight-week randomized placebocontrolled trial comparing twice-daily administrations of NAC and placebo, in the context of a contingency-management intervention and brief weekly cessation counseling, demonstrated that adolescents administered NAC were 2.4 times more likely to have a negative urine cannabinoid test result during treatment compared to adolescents administered placebo [5] .
Standard dosage 1200 mg bid.
Contraindications None documented.
Treatment of Adolescent Substance Use Disorders Belendiuk and Riggs
Main drug interactions Nitroglycerin, activated charcoal may prevent NAC absorption when used to treat poisoning.
Main side effects Upper respiratory infection, vivid dreams, insomnia, irritability, and heartburn.
Special points NAC is available over-the-counter without a prescription.
Cost/cost-effectiveness US $15 to US $20 for 30 days of 1200 mg bid.
Treatment of co-occurring psychiatric disorders
& 60 % of adolescents with a substance use disorder also have at least one co-occurring mental disorder [43] . Therefore, screening and interventions should also address psychiatric comorbidity.
Fluoxetine for co-occurring major depressive disorder (MDD)
& Comorbid depression is associated with more severe substance dependence and higher rates of relapse. A 16-week randomized control trial of fluoxetine and CBT reduced symptoms on the Childhood Depression Rating Scale-Revised, self-reported substance use, and symptoms of conduct disorder [7] .
Standard dosage 20 mg fixed daily.
Contraindications None documented.
Main drug interactions Isocarboxazid, linezolid, methylene blue, phenelzine, pimozide, procarbazine, selegiline transdermal, thioridazine, tranylcypromine.
Main side effects Rates of adverse events were generally mild and transient.
Special points Four patients in the fluoxetine group were evaluated in an emergency department or hospitalized due to concerns of worsening suicidality. Each patient endorsed psychosocial stressors precipitating increased suicidality, however the possibility that some adolescents may experience increased suicidality while being treated with fluoxetine cannot be excluded.
Cost/cost-effectiveness US $266.55 for 100 20 mg capsules.
Osmotic-release methylphenidate (OROS-MPH) for co-occurring ADHD
& Individuals with ADHD have up to twice the risk of having a substance use disorder in their lifetime, compared to individuals without ADHD [44] . & 30-50 % of adolescents with SUD have co-occurring ADHD. & A multisite randomized control trial found that there were no differences in OROS-MPH and CBT compared to placebo and CBT for reductions in primary outcomes (i.e., reduction of ADHD symptoms and days of substance use), but secondary outcomes (i.e., reductions in parent-rated ADHD symptoms at four and eight weeks, negative urine drug screens) favored OROS-MPH and CBT to placebo and CBT [8 ] .
Standard dosage Participants were started on an 18 mg dose and titrated to 72 mg (or the highest dose tolerated) during the first two weeks of treatment.
Contraindications MAO inhibitor within 14 days, severe cardiovascular disease, severe arrhythmias, motor tics, Tourette's syndrome.
Main drug interactions Benzphetamine, diethylpropion, isocarboxazid, phendimetrazine, phenelzine, phentermine, procarbazine, selegiline transdermal, sibutramine, tranylcypromine.
Main side effects Single study-related adverse event occurred, which was hospitalization for psychosis after ingestion of an unknown substance at a "rave."
Special points No significant group differences between OROS-MPH and placebo on medication abuse or diversion.
Cost/cost-effectiveness US $657.86 for 100 36 mg tablets
Atomoxetine for co-occurring ADHD
A randomized control trial found no differences between atomoxetine and MI/CBT, compared to placebo and MI/CBT for reductions in primary outcomes (i.e., reductions in ADHD symptoms, days of non-nicotine substance use) [9] .
Standard dosage Participants were instructed to take the medication once daily in the morning. Those weighing less than 70 kg started at 0.5 mg/kg to 0.75 mg/kg per day and increased by 25 mg per week until total dose was between 1.1 and 1.5 mg/kg. Those weighing more than 70 kg started at 50 mg per day, increased to 75 mg per day in the second week and 100 mg per day in the third week. Participants experiencing side effects remained at their current dose with titration occurring the following week.
Contraindications MAO inhibitor within 14 days, glaucoma, cardiomyopathy, arrhythmias, cardiovascular disease, cardiac structural abnormalities, cerebrovascular disease.
Main drug interactions Isocarboxazid, phenelzine, procarbazine, selegiline transdermal, tranylcypromine.
Main side effects Rates of adverse events were generally mild and transient. One serious adverse event occurred for an atomoxetine-treatment patient when they had a seizure after taking an overdose of bupropion to hallucinate.
Special points None identified.
Cost/cost-effectiveness US $286.92 for 30 days of 100 mg capsules
Diet and lifestyle
& Addiction is a complex, neurobiologically-based medical illness. As is true for other chronic diseases, including hypertension, asthma, and diabetes, changes in diet, exercise, or lifestyle can significantly impact mortality, morbidity, and prognosis [10] . Ongoing clinical management and recovery support from family, peers, or community-based recovery support services are important for maintaining optimal health and to prevent relapses or exacerbations of the illness [10] . & Engagement in community-based recovery support services such as 12-step programs (e.g., AA, NA) or other community-based selfhelp groups that emphasize reciprocal recovery support may be helpful to some adolescents [45, 46] , but there is limited empirical support for 12-step programs with regard to improving long-term adolescent outcomes. However, there is growing empirical support for "assertive continuing care," a program that utilizes assertive linkage rather than passive referral to community-based recovery support services [47] . The program emphasizes continuity of contact and service in a primary recovery support relationship over time, especially during the vulnerable 90-day period after treatment. Trained recovery coaches or volunteer recovery support specialists contact patients and families to provide post-treatment monitoring and recovery support services, to facilitate the transition from recovery initiation to stable recovery maintenance.
Emerging therapies
Telemedicine & There has been an increased interest in computer-assisted and telephonic treatments, particularly to increase access in rural and underserved areas [48] . & Telemedicine may be most applicable for an adolescent demographic because of the prevalence of technology in adolescent social connections and daily life [49] and high technological literacy. & Tele-health is a flexible intervention that is available in numerous modalities (e.g., computer, text-messaging, video-messaging) and settings (e.g. home, school, work, emergency rooms, and health care providers' offices), allowing "on-demand" access to therapeutic support during times of risk for relapse [50] .
Usage The addition of bi-weekly computer-based CBT to standard drug counseling increases the number of drug-free urine drug screens and duration of abstinence, with treatment benefits at six-month follow-up [51] and an internet-based intervention reduced alcohol, marijuana, and polydrug use at six-months post-treatment compared to controls [52] . Adolescent marijuana users randomized to a computer-based treatment reported fewer cannabis-related problems and lower use of other drugs that were in the small to medium effect size [53] . Text-messaging interventions aimed at promoting self-efficacy and skills use during selfreported triggering situations reduced marijuana use and desire in a triggering situation [54] .
Special points Anonymity afforded by technology may facilitate treatment for individuals who are sensitive to disclosing sensitive information like substance use [55] . Systems need to be developed to address issues of privacy, payment, jurisdiction, and documentation to ensure ethical and empirical deployment of interventions.
Cost/cost-effectiveness Computer-delivered interventions reduce treatment cost and barriers to treatment [56] .
Mindfulness-based interventions
& Mindfulness-based interventions (MBIs) reduce alcohol, cocaine, amphetamine, marijuana, cigarette, and opioid use and craving [57] . However, these findings are limited by small sample size, lack of replicated findings, and an absence of research in adolescents.
Standard procedure Mindfulness is the development of a non-judgmental and accepting attention to the present moment [58] . Some mindfulness interventions are based exclusively on mindfulness principles (i.e., mindfulness-based stress reduction, and mindfulness-based cognitive therapy), while other interventions incorporate mindfulness with other therapeutic approaches (i.e., dialectical behavior therapy, and acceptance and commitment therapy) [59] . MBIs may be indicated for treatment of substance use because they foster a non-judgmental attitude that reduces stress, increases adaptive patterns of thinking, and increases distress tolerance. Developing the ability to tolerate negative experiences could reduce craving and relapse for individuals who use substances to avoid negative emotions, and increased awareness of low-level craving could facilitate application of skills to prevent relapse.
Contraindications None documented
Complications Individuals who have impaired ability to cope with negative emotional states may have difficulty applying an intervention focusing on awareness of internal states.
Special points MBIs have been indicated for pain management [60] , so this intervention may be particularly salient for youth with co-occurring pain that may be contributing to self-medication with or abuse of prescribed pain medication or other drugs.
Cost/cost-effectiveness Undocumented
Pediatric considerations
& Pediatricians and other primary care clinicians play an important role in early detection of adolescents who have initiated substance use or who may have progressed to SUD. There has been a major national initiative to enhance /increase the effectiveness of screening for adolescent substance use, misuse, abuse /dependence in pediatric and other primary care medical settings. Most states have developed and adopted SBIRT guidelines that provide primary care clinicians with screening and as-sessment instruments (e.g., the CRAFFT screen) [61] , and assist them in brief intervention and referral to subspecialty substance treatment programs in their area.
